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Objective: To explore the regulation effect of Rheum palmatum (R. palmatum) L. on
NF-kB signaling pathway of ALF mice.
Methods: The intraperitoneal injection of D-GalN/LPS was employed for the model
building. Mice in the treatment group and positive control group were given the
R. palmatum L. and bifendate before the model building. Mice in the normal group were
given the intraperitoneal injection of equivalent normal saline for continuously 3 d. After
16 h of model building, the blood was collected from eyeballs of mice and then mice were
executed. The measurement was performed on the content of ALT, AST, NO and Il-1b in
the serum of mice in each group, as well as the activity of Caspase 3 and Caspase 8 in the
liver tissue. HE staining was employed to detect the pathological morphology of liver;
and the western blot was used to detect the expression of iNOS, COX-2, Bax, Bcl-2,
PCNA, NF-kB p65 and IkBa.
Results: The content of ALT, AST, NO and Il-1b in the serum and the activity of
Caspase 3 and Caspase 8 in the liver tissue were increased in the mice of ALF model
group. Besides, the expression of iNOS, COX-2 and Bax was increased, the expression of
Bcl-2 and PCNA was decreased, the phosphorylation of NF-kB p65 and IkBa was
signiﬁcant and the treatment group of R. palmatum L. could inhibit such change.
Conclusions: Through NF-kB signaling pathway, the R. palmatum L. could reduce the
content of enzyme of liver function and inﬂammation factor in the serum of ALF mice,
regulate the expression of cell apoptosis-related protein and improve the symptoms of
ALF mice.1. Introduction
The acute liver failure (ALF) refers to the clinical syndrome of
abundant necrosis of liver cells, inﬁltration of inﬂammatory cells
and severe failure of cells and organs that are caused by various
factors. It can result in the serious damage to the human health
and its clinical mortality is over 50%. ALF that is induced by
different factors will eventually cause the activation of inﬂam-
matory cells and thus aggravate the necrosis of liver cells, lead to
the serious disorders of synthesis, metabolism, transport and
excretion of liver and different kinds of clinical symptoms [1,2].The liver failure belongs to yellow fever in traditional Chi-
nese medicine. Its basic pathology is the combination of ‘toxin’,
‘blood stasis’ and ‘phlegm’ and the key to the treatment is the
detoxiﬁcation and stasis-removing. The Rheum palmatum
(R. palmatum) L. is the root or stem of R. palmatum of Polyg-
onaceae family. According to the traditional Chinese medicine,
the R. palmatum L. is bitter in taste and cold in nature, with the
effect of heat-clearing, ﬁre-purging, blood-cooling, detoxiﬁca-
tion, blood circulation-promoting and blood stasis-removing.
Results of modern pharmacological studies showed that
R. palmatum L. could relieve the liver injury [3–6] and it is also
widely applied in the treatment of hepatitis. In the treatment of
post-operative ALF rats, the R. palmatum L. could reduce the
expression of Caspase 3, Fas and FasL to inhibit the apoptosis of
liver cells [3]. Besides, it could also increase the expression of
PCNA [4] to promote the regeneration of liver cells and relieve
the liver injury. In the treatment of mice with the acute liver
injury that is induced by concanavalin, the R. palmatum L.
and licorice decoction can reduce the content of alanineccess article under the CC BY-NC-ND
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to improve the liver function [5]. In the treatment of rats with
the acute intrahepatic cholestasis, compared with the model
group, the R. palmatum L. infusion could inhibit the activity
of NF-kB and reduce the content of ALT and AST to play its
role of protecting the liver [6].
NF-kB can be activated by the lipopolysaccharide, bacteria
and virus and it can be transported from the cytoplasm to the
nucleus to regulate the expression of related genes [7,8]. There is
a close relationship between the apoptosis and inﬂammation of
liver cells that is caused by ALF and the NF-kB signaling
pathway. Through such pathway, it can regulate the
expression of inﬂammation factors of iNOS and COX-2 and
the apoptosis proteins of Bax, Bcl-2 and PCNA [9–13].
Under such theoretical background, it's assumed that the
R. palmatum L. can reduce the enzymes, decrease the secretion
of inﬂammatory factors and inhibit the apoptosis of liver cells
through NF-kB signaling pathway, in order to play its role of
protecting the liver. Accordingly, this study aims to explore the
effect of R. palmatum L. on the expression of ALF inﬂammatory
factors, ALF apoptosis-related proteins and ALF NF-kB
signaling pathway related proteins.
2. Materials and methods
2.1. Animals
ICR mice were purchased from Shanghai SLAC laboratory
Animal Co., Ltd., SPF, with the qualiﬁed certiﬁcate of 2012-0002
and the weight of (20 ± 2) g. The room temperature was controlled
at (23 ± 2) C and mice were given the diet and water freely.
2.2. Drugs and reagents
The R. palmatum L. was purchased from Guoda Drugstore
and bifendate dropping pills from Zhejiang Medicine Co., Ltd.
D-galactosamine (D-GalN) was purchased from Sigma (Item
No.: G0500); lipopolysaccharide (LPS) from Sigma (Item No.:
L2630); BCA protein assay kit from Beyotime Biotechnology
(Item No.: P0009); ECL Western blotting kit from Beyotime
Biotechnology (Item No.: P0018); b-actin from Beyotime
Biotechnology (Item No.: AA128); NO test kit from Applygen
Technologies Inc. (Item No.: E1030); Caspase 3 from Nanjing
KeyGen Biotech. Co. Ltd. (Item No.: KGA204); Caspase 8 test
kit from Nanjing KeyGen Biotech. Co. Ltd. (Item No.:
KGA304); ALT test kit from Nanjing Jiancheng Bioengineering
Institute (Item No.: C010-2); AST test kit from Nanjing Jian-
cheng Bioengineering Institute (Item No.: C009-2); interleukin-
1b (IL-1b) test kit from Nanjing Jiancheng Bioengineering
Institute (Item No.: H002); rabbit anti COX-2 and iNOS from
Wuhan Boster Biological Technology Co., Ltd.; and rabbit anti
Bcl-2, Bax, PCNA, NF-kB p65, pp65, IkBa, p-IkBa antibodies
from Epitmics.
2.3. Instruments
The parafﬁn slicing machine was purchased from Optical;
automatic biochemical analyzer from Abbott; electrophoresis
instrument, Trans-blot electrophoresis tank and ChemiDoc™
XRS gel imaging system Bio-Rad; ELISA kit from TECAN;
and −80 C refrigerator from Thermo.2.4. Modeling
A total of 40 mice were randomly divided into the normal
group, model group, R. palmatum L. treatment group and
bifendate positive control group, with 10 mice in each group.
According to the previous researches [7,8], mice were given the
intraperitoneal injection of D-GalN (400 mg/kg)/LPS(10 mg/kg)
for the modeling. Before the modeling, mice in the treatment
group and positive control group were given the
intraperitoneal injection of R. palmatum L. (1.5 g$kg−1$d−1)
and bifendate (150 mg$kg−1$d−1) respectively, while mice in
the normal group were given the intraperitoneal injection of
equivalent normal saline for continuously 3 d. After 16 h of
model building, the blood was collected from eyeballs of mice
and then mice were executed. Samples were taken from the
liver tissue and then stored at −80 C. Afterwards, the
measurement was performed on different indicators.
2.5. HE staining
After being immersed in 10% neutral formalin, liver samples
were embedded with parafﬁn and then cut into slices and dried.
They were deparafﬁnaged using dimethylbenzene and dehy-
drated with water-free 95% and 80% ethanol. They were washed
with running water and immersed in the hematoxylin and hy-
drochloride alcohol. When being turned to be antiblue, they
were stained with eosin. Afterwards, they were washed with
running water, dehydrated with ethanol at gradient degree. They
were transparented with dimethylbenzene. After being dried,
they were mounted with the neutral resin and then observed
under the microscope.
2.6. Detection of serum ALT, AST, NO, Il-1b, Caspase 3
and Caspase 8 in the liver tissue
The detection was performed according to the instruction
manual of kit respectively.
2.7. Western blot
Liver samples were collected from each group. Then the
RIPA lysis buffer was added and centrifuged to obtain the
protein. BCA kit was employed to detect the protein concen-
tration. SDS gel electrophoresis was performed on protein
samples and then it was transferred with the wet method. Then
the ﬁlm was immersed into the primary antibody solution for the
incubation at 4 C over night. After being washed, it was
immersed into the secondary antibody solution (1:100) for the
incubation at the room temperature for 1–2 h. Afterwards, the
ﬁlm was taken out and washed, while ECL reagent was added on
the ﬁlm for the exposure in the gel imaging system. Statistics
was performed on the gray value of each antibody band using
‘Quantity one’ software.
2.8. Data analysis
The results were expressed as mean ± SD, with three repeats
for each set of data at least. The t test was employed for the
signiﬁcant difference between two groups and P < 0.05 was
regarded to be signiﬁcant difference. All data were treated using
SPSS 17.0.
Table 1
Effect of R. palmatum L. on level of ALT and AST in serum of mice with
ALF (mean ± SD).
Group Dosage
(mg$kg−1$d−1)
ALT (IU/L) AST (U/L)
Normal group – 45.12 ± 4.59 160.11 ± 34.11
Model group – 265.84 ± 556.32* 645.34 ± 67.84*
R. palmatum L. 1000 124.35 ± 43.286 389.56 ± 56.456
Bifendate 150 122.00 ± 35.896 367.33 ± 45.866
*P < 0.01 vs. normal control; 6P < 0.05 vs. model control.
Table 2
Effect of R. palmatum L. on level of NO and Il-1b in mice serum with
ALF (mean ± SD).
Group Dosage
(mg$kg−1$d−1)
NO (mM) Il-1b (ng/L)
Normal group – 0.54 ± 0.22 7.27 ± 0.37
Model group – 12.08 ± 1.21* 18.11 ± 0.97*
R. palmatum L. 1000 2.83 ± 0.286 8.30 ± 1.046
bifendate 150 1.14 ± 0.136 8.36 ± 0.576
*P < 0.01 vs. normal control; 6P < 0.05, vs. model control.
Table 3
Effect of R. palmatum L. on level of Caspase 3 and Caspase 8 in mice







Normal group – 1.54 ± 0.37 0.97 ± 0.06
Model group – 12.08 ± 7.21* 9.11 ± 1.35*
R. palmatum L. 1000 4.83 ± 6.456 3.30 ± 1.116
Bifendate 150 4.14 ± 5.736 3.36 ± 0.576
*P < 0.01 vs. normal control; 6P < 0.05, vs. model control.
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3.1. Effect of R. palmatum L. on the liver tissue of ALF
mice
The liver tissue of mice in the normal group had the even
staining and clear and complete structure (Figure 1A); for mice
in the model group, the number of liver cells was decreased and
the normal tissue structure was disappeared, being accompa-
nied with the inﬁltration of abundant inﬂammatory cells
(Figure 1B); compared with the model group, for mice in the
R. palmatum L. treatment group and bifendate group, the
number of liver cells was increased and the cell necrosis was
decreased, with limited inﬁltration of inﬂammatory cells
(Figure 1C, D).
3.2. Effect of R. palmatum L. on the level of ALT and
AST in serum of mice with ALF
As shown in Table 1, compared with the normal group, the
level of ALT and AST in the serum of mice in the model group
was signiﬁcantly increased (P < 0.01), with the statistical
signiﬁcance; the level of ALT and AST was signiﬁcantly
inhibited for mice in the R. palmatum L. treatment group
(P < 0.01).
3.3. Effect of R. palmatum L. on the level of NO and Il-
1b in mice serum with ALF
As shown in Table 2, compared with the normal group, the
level of NO and Il-1b in the serum of mice in the model group
was signiﬁcantly increased (P < 0.01), with the statistical
signiﬁcance; the level of NO and Il-1b was signiﬁcantly
inhibited for mice in the R. palmatum L. treatment group
(P < 0.01).
3.4. Effect of R. palmatum L. on level of Caspase 3 and
Caspase 8 in mice serum with ALF
As shown in Table 3, compared with the model group, the
level of Caspase 3 and Caspase 8 was signiﬁcantly inhibited for
mice in the R. palmatum L. treatment group (P < 0.01).
3.5. Effect of R. palmatum L. on expression of iNOS and
COX-2 in mice with ALF
As shown in Figure 2, compared with the normal group, the
expression of iNOS and COX-2 for mice in the model group was
signiﬁcantly increased, while the expression of iNOS and COX-Figure 1. Protective effect of R. palmatum L. on liver in mice with ALF.
A: normal control, B: model control, C: R. palmatum L., D: bifendate.2 for mice in the R. palmatum L. treatment group was signiﬁ-
cantly inhibited.
3.6. Effect of R. palmatum L. on expression of apoptotis
related protein in mice with ALF
As shown in Figure 3, compared with the normal group, the
expression of Bax was signiﬁcantly increased and the expression
of Bcl-2 and PCNA was signiﬁcantly decreased for mice in the
model group; while the expression of Bax, Bcl-2 and PCNA was
signiﬁcantly inhibited for mice in the R. palmatum L. treatment
group.
Figure 2. Effect of R. palmatum L. on expression of iNOS and COX-2 in
mice with ALF.
A: Protein grayscale, B: Statistical graph. *P < 0.01 vs. normal control;
△P < 0.01, vs. model control.
Figure 4. Effect of R. palmatum L. on expression of NF-kB signaling
pathway related protein in mice with ALF.
A: Protein grayscale, B: Statistical graph. *P < 0.01 vs. normal control;
△P < 0.01, vs. model control.
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signaling pathway related protein in mice with ALF
As shown in Figure 4, compared with the model group,
R. palmatum L. treatment group could signiﬁcantly inhibitFigure 3. Effect of R. palmatum L. on expression of apoptotis related
protein in mice with ALF.
A: Protein grayscale, B: Statistical graph. *P < 0.01 vs. normal control;
△P < 0.01, vs. model control.the phosphorylation of NF-kB p65 and IkBa in mice with
ALF and not affect the expression of NF-kB p65 and IkBa
no matter the dosage and modeling were performed or not.
4. Discussion
In China, the main cause of ALF is the virus. Thus it is
applicable to choose the chemical drugs to induce ALF, where
the mostly reported on at home and abroad is D-GalN/LPS [9,10],
with the modeling characteristics of reproducibility, reversibility
and little harm to experimenters. GalN can greatly digest the
pyridinoline nucleosides, inhibit the synthesis of proteins
related to the proliferation of liver cells, increase the
sensitivity of liver cells to the inﬂammation factor, and limit
the regeneration of cell organelles and supplement and
synthesis of enzymes to seriously damage the structure and
function of liver cells and thus cause ALF in mice. LPS can
lead to the symptoms of liver injury, endotoxic shock and
multiple organ failure. Furthermore, the synergism between
LPS and GalN can also make the immune cells produce more
inﬂammatory factors and toxin to apply to liver cells and thus
result in the liver injury. Therefore, in this study, GalN and
LPS were jointly employed to induce ALF for the modeling.
In the model group, the level of AST, ALT and inﬂammatory
factors was signiﬁcantly increased and the expression of
proteins related to the apoptosis was also signiﬁcantly
increased. Results of pathological detection indicated the fuzzy
structure of liver cells, decreased number of normal liver cells,
necrosis, gas shape and inﬁltration of abundant inﬂammatory
factors. All results showed that the modeling of D-GalN/LPS-
induced ALF was successful.
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aminase is a sensitive indicator to reﬂect the hepatocyte injury.
Most common ones in the clinical practice are ALT and AST.
The level of ALT is richest in the liver, which is only distributed
in the cytoplasm and has the higher activity inside the liver cells
than the one outsides. When 1% liver cells are damaged, the
level of ALT in the serum will be signiﬁcantly increased. AST is
a functional enzyme in the liver cells. When cells are damaged, it
will be transferred through the cell membrane into the serum and
thus the level of AST in the serum will be signiﬁcantly
increased. According to a great number of researches, the
reduction in the level of ALT and AST in the serum of ALF can
relieve the liver injury [14,15]. In this study, compared with the
model group, R. palmatum L. treatment group could
signiﬁcantly reduce the level of ALT and AST and its
inhibition degree was similar with the positive control group,
which indicated that R. palmatum L. can reduce the enzymes
to relieve the liver injury.
The apoptosis and inﬂammation are regulated by multiple
signaling pathways, where NF-kB signaling pathway is one of
them. NF-kB is some kind of protein that can be speciﬁcally
bound to multiple gene promoters or enhancer kB and can
promote the transcription. The action form in cells is the dimer
consisting of p65 and p50. When it's not stimulated, it will be
bound to IkB; when it's stimulated, IkB will be degraded and
phosphorylated to relieve NF-kB. Then its transcription activity
will be recovered and it will be transferred from the cytoplasm to
nucleus to regulate the expression of inﬂammation and
apoptosis-related genes. In ALF, the activation of NF-kB can
promote the abundant expression of apoptosis and inﬂammation
genes, accelerate the release of inﬂammatory mediator and
apoptosis of liver cells, which has a close relationship with the
prognosis [14,16–19]. When stimulating the mice with NF-kB
knockout and wild mice using thioacetamide, it's found that
wild mice had the obvious cerebral edema, swelling of
astrocytes, signiﬁcant expression of iNOS and non-signiﬁcant
symptoms because of gene knockout, which indicated that
there was the negative correlation between the content of NF-kB
and the improvement on ALF symptoms [20]. According to Wu
et al. [11], in GalN/LPS model of rats, the expression of NF-kB
p65 and ALT was signiﬁcantly increased. After the
administration, it can inhibit the phosphorylation and
degradation of IkB-a, as well as the transport of NF-kB/p65
from the cytoplasm to nucleus. Results of this study also
indicated that, in the model group, the phosphorylation of NF-
kB p65 and IkBa was signiﬁcant; while being given the
R. palmatum L., the degree of phosphorylation was reduced,
which pointed out that R. palmatum L. might relieve ALT
symptoms through NF-kB signaling pathway.
ALF will induce the immune cells of macrophages and
neutrophils to release a great number of inﬂammatory factors
and thus further cause the injury and necrosis of liver cells. NO
is some kind of unstable free radical. In the catalysis of iNOS, it
is produced by the nitrogen oxidation of guanidyl at the end of L-
arginine. NO is common in all kinds of cells. As the intercellular
signal molecule, it can mediate many physiological and patho-
logical processes. In GalN/LPS-induced ALF animal model, the
expression of iNOS was increased and the level of NO was
increased to cause the cytotoxicity and inhibit the synthesis of
NO and iNOS to protect the ALF [12,21]. In this study, it's found
that the content of NO and iNOS was signiﬁcantly increased in
the model group, while in the treatment group, R. palmatum L.could inhibit the increase of its content. Il-1b plays a key role in
the transmission of information, activation of immune cells,
medication in activation, proliferation and differentiation of T,
B cells and inﬂammatory response [22]. In the model group,
the level of Il-1b was increased [23,24], while in R. palmatum
L. treatment group, the secretion of Il-1b was decreased.
COX-2 is the key enzyme in the stages of synthesis and initia-
tion of prostate. The expression of COX-2 is limited in normal
cells, but it will be rapidly expressed in case of the stimulation
by the inﬂammatory factors to cause the inﬂammation [25]. The
liver injury was less in LPS-induced COX-2 transgenic mice
than the one in LPS-induced wild mice [26]. In mice with liver
injury, the expression of COX-2 was too high [27]. In this
study, compared with the control group, the expression of
COX-2 was down-regulated in both R. palmatum L. treatment
group and positive control group, which indicated that
R. palmatum L. could inhibit the secretion of inﬂammation
factor to improve the injury of ALF mice.
In the thioacetamide-induced ALF rat model, the inhibition
of NF-kB signaling pathway could signiﬁcantly reduce the level
of inﬂammatory factors of IL-1 and COX-2 and thus relieve the
liver injury [28]. In the hepatectomy-induced ALF rat model, the
inhibition of NF-kB activity could signiﬁcantly reduce the level
of IL-1 [19,29]. In mice with the multiple organ dysfunction
syndrome caused by the zymosan, the inhibition of NF-kB
signaling pathway could down-regulate the expression of pro-
teins such as iNOS [13]. In GalN/LPS-induced mouse model, the
inhibition of NF-kB signaling pathway could reduce the level of
NO and iNOS [9,30]. All these ﬁndings full indicate that
R. palmatum L. can reduce the level of NO and Il-1b in the
serum of ALF mice, while the inhibition on the expression of
iNOS and COX-2 is realized through NF-kB signaling pathway.
According to previous researches [31,32], in case of acute liver
failure, the remained liver cells still had the strong ability of
proliferation, which indicated that the inhibition of apoptosis
and promotion of proliferation of liver cells could promote the
generation of liver cells to the certain extent and then recover
the liver function. Caspase family is the important performer
of cell apoptosis and it usually exists in the cytoplasm in the
form of procaspase. It would be activated under the
stimulation of multiple apoptosis signals through the
proteolysis, which could thus degrade the many protein
substrates and play a key role in the process of cell apoptosis
[33]. Where, Caspase 3 and 8 had the higher activity in ALF
model than the one in the normal group [10,12,34,35]. After
being treated with R. palmatum L., its activity could be
signiﬁcantly reduced. The cell apoptosis is strictly under the
control of apoptosis-related proteins. For instance, members of
Bcl-2 family can be interacted with ones of Bax subfamily to
induce the apoptosis signal in cells and cause the apoptosis. In
GalN/LPS mouse model, the expression of Bcl-2 was signiﬁ-
cantly decreased, while the expression of Bax was increased
[11,32]. After being treated with R. palmatum L., the expression
of Bcl-2 was increased, while the expression of Bax was
inhibited. The proliferating cell nuclear antigen (PCNA) was
found in the serum of patients with the systemic lupus erythe-
matosus. It is closely related to the synthesis of DNA and
regarded as one of markers for the cell proliferation. In the acute
liver injury, the expression of PCNA was signiﬁcantly decreased
[32,36]. Results of this study showed that, after being treated with
R. palmatum L., the expression of PCNA was increased, which
indicated that R. palmatum L. could inhibit the expression of
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apoptosis proteins to improve the apoptosis of liver cells that
was caused by ALF.
A great number of ﬁndings have shown that, in GalN/LPS
mouse model, the reduction in the activity of NF-kB could down-
regulate the expression of Bax [11,13], promote the expression of
Bcl-2 [11,13] and PCNA [37], and reduce the activity of Caspase 3
and 8 [10,12]. In consequence, R. palmatum L. could up-regulate
the expression of Bcl-2 and PCNA, down-regulate the expression
of Bax, reduce the activity of Caspase 3 and 8, and thus inhibit
the apoptosis of liver cells in mice that was caused by ALF,
which was realized through NF-kB signaling pathway.
R. palmatum L. can reduce the level of ALT and AST in
serum of ALF mice through NF-kB signaling pathway, inhibit
the secretion of NO and Il-1b, reduce the activity of Caspase 3
and 8, down-regulate the expression of iNOS, COX-2 and Bax
and up-regulate the expression of Bcl-2 and PCNA to improve
the injury in mice that is caused by ALF.
Though this study drew the conclusion that R. palmatum L.
could rely on NF-kB signaling pathway to inhibit the secretion of
inﬂammation factors and regulate the expression of apoptosis-
related proteins to relieve the liver failure in mice, there were de-
ﬁciencies in the experimental design. First of all, this study was to
discuss the effect of R. palmatum L. on NF-kB signaling pathway
at the protein level, but not the gene level. The synthesis of mRNA
and proteinmay not be at the same level and the resulting errormay
affect the results of this study. Besides, there was no NF-kB
signaling pathway inhibitor administration group in this study to
further prove the conclusion that how R. palmatum L. relieve the
liver failure in mice through NF-kB signaling pathway.
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